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Abstract

S~Coping behavior and specific performance depends on adequate use of past experience,

including special training to generate appropriate responses. These may be close copies of

previous performances or modifications suitable to the relation of the new situation to the

model generalized from the sum of related post experiences.

The stored information required to supply the solutions to the problems - large and

small - presented by the almost continuous stream of situations, in daily living and dramati-

cally intensified in combat, must first of all be retrieved and mobilized.

Thus interaction with reality, i.e., the external and internal environments is certainly

dependent on the information retrieval process. This has therefore become a focus of the

studies supported by the Air Force Office of Scientific Research Projecl an "Aerospace Stress

and Human Reliability"'. It has involved normal individucls, behaviorally disturbed patients

manifesting difficulty in "reality checking" and laboratory animals in which cerebral function

could be monitored while experimentally Manipulated or disturbed.

The interneuronal communication process essential to information retrieval and to

cerebral integration generally has been the object of extensive study utilizing evoked field,

focal, and extra- and intra-cellular unitary potentials as measures of synoptic output. In

the process we have worked out a means cf checking adequacy of retrieval from association

areas, which has enabled us to convert our experimental findings into clinical test procedures

able to assess "breakdown point" in subjects without breaking them down. This could also be

modified so as to behaviorally detect drug abusers and, with modification, detect drug abuse

and its lasting consequences.
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Ilntoduction

A rationale for the cdinical assessment procedures has evolved from a theory of inadequate

coping behavior or failure of Imeostasis - with psychosis as a cardinal manifestation - which

grew out of the studies of carebral syrnaptic transmission in health and disease.

Coiespondence of electrical signals recorded simultaneoudy from populations and individ-

ual contituent cells showed that they could indeed be utilized to monitor and meaningfully

analyze cerebral activity at the respective levels.

Cerebral Homeostasis

Such monitoring revealed an equilibrium state between excitation and inhibition at all

cerebral synapses, sampled at cortical, subxortical, brain stem and cerebellar levels. A physio-

logical t-ansaction in this system consists of a transient biasing of equilibrium, by an increment

in input, in favor of a prepondeence of inhibition or excitation such that the cause of the in-

put will be removed and normally a rapid restoration of equilibrium taking place. The conse-

quences of this lcmal homeostasis are amplified and varied by the multitude of additional cir-

cuits with which it is linked and forms an integgral pcrt.

Direct and indirect evidence from these studies both show. that transmission across the

synaptic gap is effected by excitatory and inhibitory chemicals or neurohumors, whose action

is consistent at all synapses but whose ultimate effect depends or, the complexities of the

circuits controlled. At the circuit level, homeostasis begins with negative feed-back. When 1

this is in its turn inhibited the released synapses show increased activity, i.e., a srcondary

excitation. When excitatory neurohumors are caused to accumulate another secondary effect,

paralysis, may follow the primary excitation.

xperimental Alteration of Synptic Neurohumorl Environment

When manipulating the synaptic chemical, i.e., neurohumoral environment either by

modifying the quantities of neurohumor present or by the addition of drugs, it needed to be

Sdemo arIted that the potential attendant circulatory cthages that might be caused do not
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complicate the observations. This was accomplished by use of an oxygen electrode adjacent

to the potential recording electrode on the srface of the cortex. The cxygen elecftrod

showed that at the low doses, used so that major effects would be limited to the brain, there

is no accompanying reduction in oxygen availability to the brain cells generating the re-
corded si. ils.

By intracellular recording we have been able to demonstrate the classical character-

istics of membrane changes for the actions studied, i.e., EPSPs and IPSs respectively with

associated changes in transmembrane resi:,tance.

The varied individual natkr of the members we have studied of the excitatory sub-

stances, acetylcholine and glutamnatr and tO.e inhibitory ones, norepinephrine, epinephrine,

dopamine, serotonin, GABA and Glycine, suggest possible specificity in different aspects

of the information handling they control with possible access to these by suitable drugs,

whose use in hurran testing will be described in a later part of this report.

Such chemicals and drugs are drawn from the analegs, homologs or modifiers of the

neurohumors. These compounds may be completely fobeign to the body, or toxins originated I

by the body, in some cases m• products of preverted metabolism of the neurohumors. This i

project has studied hallucinogens, of the catechol and indole amine series and tranquilizers

in #.e former group and DMPEA, along with related biogenic amines and a tcrxeln-like

small moiety, adsorbed to blood proteins found in high titer in the serum of certain schizo-

phrenics, in the latter.

The work has shown that all ef the above distort syncqtic equilibrium towards excess

inhibihon and, further, thet ti=rquilizers can prempt the inhibitory receptors and thereby,

Sy substituting their weak inhibitory action, protect against the striger biogenic amine

inhibitors. This is the bosis of tranquilizer action by phenotbiazines, rcwolfia alkaloids,

propane dials and diozepoxide aid also ac=o.ts for the nature of -hieir cerntral ner=.n

system toxc actions which noftwally, therefore, resemble those of the hallkicinogjens and
i-2
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psychotomimetics they were intended to offset.

The specificity of the various synaptic inhibitors and of the respective receptors has

been clarified by finding differential blocking agents. In brief, chlorpromazine (CPZ) blocks

only the catechol and indole amines, tripelenamine only histamine, bicuculline only gama-

aminobuturic acid (GABA) and glycine, while strychnine blocks all. Atropine bloctm acetyl-

choline but not glutamate. On the other hand, dilantin enhanmes and prolongs only GABA.

Phum cological Synaptic Characterization and A Basic Generalization

The use of the various chemical and drug manipulations to pharmacologically character-

ize cerebral synapses has uncovered the important basic generalization that all cerebral -yn-

apses are qualitatively alike with only quantitative differences in their receptors and, there-

fore, in their neurohumoral systems. This project has substantiated these findings at the

cortical, subcortical, brain stem and cerebellar levels. The d'fference in thresholds is the

clue to the disorganizing effects of attempts to influence neurohumoral transmission and con-

versely of the possibilities for correction when functional disorganizatic4i is already present.

BehavioralCounte

Before considering this in detail it will he useful to briefly review the behavioral

counterports and, in fact, consequences of the synaptic phenomena described, subject to the

reservation that the actual synapses involved in the particular paradigms were not determined.

As a continuation of pravious work in rats and cats, a time discrimination version of a fooc-

rewarded lever pressing behavior in monkeys, and cigare~te-i-ewarded behavicr in patients on

our research wwrd was carried out. Both showed a sequence of dose-related effects that paral-

leled the synodic inhibifto"effects of LSD, i.e., disinhibition or release phenomena in the

earliest phae (smallest absorption and therefore smallest dose) producing impaired time dis-

criminatio. ma~ffested as premature responses, slowed perflormnce with increased absorption

and return ar premature rn4pomes as tissue dug • t wanes. In the patients, the LSD

(subclinical doses producing no overt effects) resuited in an intemrificaffoo of their placebo

* •-3-



response abnormal pattern. Acute CPZ administration terminated the LSD effect, with chronic4I
administration improving temporal discrimination in a manner resembling the acute -ntcsonism

of LSD. Adequate doses of chronically administered chlorpromazine similarly were able to

improve the abnormal placebo pattern. Larger doses in monkeys cggravated insfec.ed of antag-

onizing the LSD effects, just as with tfle synaptic actions monitored electrically and in agree-

ment with the toxi: psychosis produced by the larger doses in man.

Practical Human Testing

The practical apphication of these fundamental studies of the normal and drug taxed or

challenged nervous system, designed to supply the neuropharmacological and conceptual

basis for the study of stress and human reliability, has kept pace and produced testing irstru-

ments and procedures, which we have been utilizing in college students and in patients on

our research ward.

These studies con be best understood by •-onsidering our demonstration, by simultaneous
A

electrical recording from the primary visl•! receiving and from ai association or reference

area, that the latter had a lower threshold to the action of synaptic inhibitors, including LSD

and amphetamine.

LSD had been of interest a!l along because it could reversibly produce behavioral pat-

- terns characterized by dissociation, e.g., hallucination. Thus, this manifestation of in.de-

quote use of stored information could be accounted for by the fact that LSD limited communi-

cation with association or information storage areas. Such inadequate access to stored past

experience would make reality checking difficult, and therefore result in hallucination,

which 4ven m"st be regarded as an aberrant perception, i.e., an erroneous judgment or inter-

pretation of the new information cWriving at the prirmy receiving area.

Such difficulty in reality checking and the resulting erroneous judgment and perception

would seriously impair human reliability, especially under stress. So this asect of adLe-

quote cerebral integratioin became a particularly relevant measure of an important factor in
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human reliakility. EvIerzion of this concept to patients with a persistent loss of reliability,

the mentally disturbed, offered an explanation of hallucination and a view of psychosis as

an extensive dissociation or failure of cerebral integration.

R.liability could be tested both in normal college students and in patients by measuring

their response to a challc •-q to proper information reirieval, a factor indispensible to reli-

ability. This wa. dome by introducing a transient impediment to such retrieval by adminis-

tering LSD or amphetamine, which we showed to have the some etTect.

Air F,-,ce Needs

: .-cusirP mcc directly on the Air Force objectives, which are really human engineer-

ing res :-'m t••, w,•,..- e-' to rec.'-ize: -

i That, -;,c'- ,nfowmation retrieva! is the initial, basic step in performance it is an

essential and probably most imporl mt factor to be measured in cssessing the reli-

c*,, lity of a trained person, who is not expected to have motor incoordination of

a primary origin, i.e., other than due to uncertr':dy resulting from impaired

decision making to which, among others, an inadequate propioceptive informa-

tion feed-back contributes.

2. Objective, instrumental, simple tests are required that can be carried out by

relatively non-skilled personnel in the field, and that are easy to analyze either

locally, or centrally. in the latter case analysis could be facilitated by comput-

erization.

3. Identity and nature of testing should not be so obtrusive as to be disturbing to

subjects and prevent acceptance as a routine procedure.
i

4. Testing should be a valia predictor of "break-down point" under stress without

actually "breaking down" or impairing normal performance immediately subse-I ~ quent to or as an aftermath of the testing.

5. Testing should be capable of detecting latent difficulties that may never have



become overt to date, but possibly could be corrected without ever becoming

overt.

6. Testing should be capable of detecting undue rigidity in the ananner in which

subjects reiate to envi-,onment with loss, theiefnre, of adequate flexibility to

adapt to and solve infrequent or even unforeseen situations.

The tests that have been developed fulfill these criteria. Ont the basis of the i..'o-

nale presented above we tested information retrieval as evidenced by its mobilization and

use in 3w solution of a perceptual conflict. This was induced by, presenting new info,.-a-

tion which was at the saw time both inconruous aro congruous with long established

experience and training. To the exteni" that the stored congruous information becomes

less available, the conflict is resolved in favor of undue acceptance of the new, deviant

information.
Visual Perceptual Conflict

a he percept ai contlict is achieved in t'he visuai modality by preenting disparte

emages to the two ayes by viewing the interior of a room t.rough an aniseikonic lenses.

After binocular fusion (for whose normal capacity the subject is pretested) this results in

a distortion of the room ýaking place in conmetition with cues (monocu!ar) which remind

the subject, on the basis of past experience, tchat rooms are not usually distotted. Per-

ceived "reality" then dep.ends on the extent to which stored information determines the

predominance or weighting of. previous training over the newest experience. The develop-

ing apparent slope of the boundaries of the distorted room are tracked by a guide bar which

the subject maintains, by remote control, parallel to a selected boundary, e.g., the line

formed by the junction of the left and the rear walls of the room. Movement, f the guide

bar provides continuous monitoring which is cutomatically recorded.

Each test session consists of a (self) control period of measurements of the unmodified

perceptual conflict, followed by a period in which access to stored information is reduced

by giving a subclinical dose (producing no overt symptoms) of a substance able to dissociate
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brain furction, thus ser--.ng as a challenge to subsequent petormance during the duration of

drug effect. Ih-e-dose c4LSD in adults or amphetamnine in children is calculated to produce

no change in th. -.esolution of the problem in nommzls. When, however, there is already some I
difficulty - smaot enough to be considered latent - the addition of the challenge renders the

sum of the two manifest. The result is in favor of acceptance imte•d of censoring out per-iI
captual distortion or the miniat xe laboratory se•,blance of an hallucint.'ion that has been

induced by the aniseikonic lenses.

In patients this, then, measures intensity of illness and in non-patients it measures

tendency to arc inadequate judgment of conflict situations, and therefore reduced reliability

-, trial and sress as in military operations, especialiy in combat.

Adw Perceptual Con lic;s

Similarly, we have devised and tested an analogous procedure using (presently more

conveniently) the auditory madality. This relies on the necessity for the individual to con-

tinuously monitor his emitted sounds and sound combinations to check that they are the words,

phrae., etc., required to conduct normal speech. Thus, the speaker continuously tistens

arnd immedately corrects and modulates hbs speech when necessary. When the required audi-

tory feed-bck is limited to the output of head phones connected to a play-back head on o

tape recording the subject's speech, the play-back can be delayed by moving the play-back

head to a later position on the tape. When the lack of synchrony between recorded and fed-

back sound is great enough, speech impalnnent and ultimately stuttering takes place.

This auditory perceptual conflict, which is in time rather than in space as in the case

of the visual, produces unreliable speech performance. The degree of reliability can be_

measured by noting the maximum delay (moving play-back head away from recording head on

tape) that can be tolerated and still have normal (actually minimally impaired) speech. This

equipment already fits military needs in requiring only a slight modification of light-weight,

readily available tape recorders.

-7-



Demonstrated Test Capabilir

In both tasks the final reading is tie difference between pre- and post-challenge

performance, i.e., the decrement between the average of one hour of control and an hour

at the time of maximum effect. Drugs With a different time course can reduce these periods

*• and total test times to more onvenient durations. Both tns~cs have damon-ated their capa-

bility to detect and measure intensity of dissociation whether latent or manifest, fluctuating

qsxotaneoasly or waning with therapy in the ill or with prophylactic treatment in normals

subjeclred to stress.

To Facilitate the cofrarison of the objective, instrumental data so obtained with the

total clinical picture, the latter is formalized by a weekly mental status rating filled out

L-y the ward physician aid another by the research curse and by an abbreviated MMPI.

These are converted by the compuer into graphs of the items and of the item clusters. ItI is expected that the profiles derived from these can be analyzed for correspondence with

those from the instrumental data. In a military or work situation a performance rating pro-

file would be substituted for the clinical.
Special Military Pertinence

Otr data using amphetamine to challenge accessibility of information suggest that

the us, of amphetamine to promote wakefulness in the military as well as in the student

"taking examinations is at the cost of impaired discriminating retrieval of information, and

therefore inaccuracy and reduced reliability. These factors must be weighed and perhap

a new alerting agent or one combined with a corrective should be proposed and tested.

Additional complexity and pertinence to military operation could be achieved by

.ombinirg the visual and auditory tests, approximating a military situation by making the

visual tcsk a three dimensional pursuit or tracking task requiring matching of visual track-

ing achieved by prompt voice commands giving appropriate instructions of suitable com-

plexity - instructions which could be sent through filters that would not allow passage of

impaired speech.

-8-



CCali6rat;on and Visual Perception Training Cap"bility

The need for a ready calibration system in the visual perceptual conflict testing that

would, preferably, utilize the same tracking procedure required the induction of a known

t -degree of visual distortion that did not depend on binocular fusion, since the operation ofA

the mental process required in the ltter is not tancardized simply. The procedure also

proved useful in recognizing failure to attend and malingering, as well as for training in

the few individuals who required more than a simple preliminary session for this purpose.

All of these objectives are now accomplished by optically, actually tilting a wall

of the test room a given number of degrees and requiring a matching tilt of the guide bar

by the subject. The required wall rotation is accomplished by tilting the viewing mirror

cf a periscopic mirror system slid into place behind the viewing aperture. Training is

facilitated by rewarding a correct match. When desired, short "refresher" training seg-

ments can be interspersed With regular segments of the testing.

"Projected Further Work

1. More controIs with subjects of matching aýjes are needed.

2. Further validetion is to be attempted by demonstration of concordance between

objective, instrumert, testing and the computerized clinical evaluations.

3. To make visual perceptuai testing as feasible for field work as the auditory visual

perceptual testing already is, it will be necessary to miniaturize the former.

4. Use of a challenging agent with a shorter time course would serve to both desirably

shorten the test period and produce a sharper peak in the post-challenge portion of the curve.

5. Tooling-up is proceeding for the -ecording of human cerebra! evoked potentials

from scalp electrodes to support the animal data already obtained.

SUMMARY

1. A critical aspect of the problem of "Aerospace Stress and Human Reliability' has

been identified as a fundamental factor in coping behavior in which specific perfromirce

-9-
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depends on adequate use of past experience, including special training to generate qawopri-

ate responses. These may be close copies of previous perFormances or modifications suitable

- to the relation of t-•e new situation to the model generalized from ,the sum of related past

I experiences. The required mobilization of past experience starls with information retrieval.

2. A ne-urophysiological basis for impaired information retrieval follows from the
fjndI,-.xs- -

A. Cerebral homec-stasis is, in the first instance, dependent upon synaptic rieuro-

humoral equilibria. The electrical monitoring of :.ynapt*,c transmission by

evoked potentials was facilitated by an opWical scanner of filmed oscilloscope

traces that was developed and by a computer measuring program that was de-

vised for thesetaken either from the scanner or directly from the oscilloscope

input terminals.

B. Drug chacterization of cerebral synapses reveals the generali?.atior, that they

all react in qualitatively the same manner with individual differences that -e

only quantitative. These findings have been substantiated at the cortical, sub-

cortical, brain stem and cerebellar levels. The predictive value of Ihis gener-

alization is confirmec by tests with thirty-six drugs. The differences in thresh-

old are the clue to the disorganizing effe.ts of attempts to influence neuro-

humoral transmission, and conversely, Ihe possibiliifes for correction when

ftnctional disnfganization is dready preeltat.

C. The finding of ,ow thresholds of assoc-W.on e.eas to cerebral synaptic inhibitors

pr-ovicdes a ber,1s for the dissociation with ;mpairmnent of infurmation retriieval that

occurs in hallucination, and which can be experitme-flly reprock•:ed, at w~ill, i

with ha|!ucinogens and other dissociating drugs. The animal and humaý'n behav-

ioral effects spport this view.

3. On the basis of til above n practical fet was devised to measure importat deficits

-10-



in the human capacity for reliability. The test devised to meet Air Force needs met the

following specifications:

A. 1hat, since information retrieval is the inifial, basic step in performance it is

a n essential and probably most ;.-ncrtant f~clor to be mesue in assessing

i . the reliability of a trained person, wh~o is not expected to have motor incoordi-

• •noti.-on of a prirm-ary origin, i.e., other than due to uncertainty resulting frorn

impaired decision making to which, among others, an inadequate propiocep-

tive information fe k contributes.

B. Objective, instrumental, simple tests are required that can be carried out by

"relatively non-skilled personnel in the field, and that are easy to analyze

either locally, or centrally. In the latter case analysis could be facilitated

by computerization.

C. Identity and nature of testing should not be so obtrusive as to be disturbing to

subjects and prevent acceptance as a routine procedure.

D. Testing should be a valid predictor of "break-down point" under stress without

actually "breaking down" or impairing normal pi.formance, immediately subse-

quent to or as an afteruth of the testing.

E. Testing should be capable of detecting latent difficulties that may never have

become overt to date, but possibly could S( corrected without ever becoming

overt.

F. Testing should be capable of detecting undue rigidity in the manner in which

su'liects relate to environment with loss, therefore, of adequate flexibility to

adapt to an-] solve inhrequent or even unforeseen situations.

4. The tests developed utili7ed .sub-clinical (i.e., producing no overt symptom)

amnounts of clgalleng~ng agents to which normol college students adopted and therefore showed

no change, whereas patients and children witl reduced reliability (behaviorally disturxbd

-E -- 11- -



showed propartionce~e changes.

5. A cop ddisplay of formalized behavioral assessment in the form of rating

scales and the MMPI ere being tmd to test conmrdman wih the irnirurnetal testing de-

scribed to supply valicdation acceptaMe to the clinician and t6e qualifying officers.

6. Use by the mililary would allow: -

1. Screening for suitable personnell.

2. Periodic testing for:

A. Reliability status and possible need for "refresher training.

B. Efficacy of training.

3. -Pre- and post-combat reliability evaluation and qualifyVing for stksequent

additional 'issions.

4. Field testing of drugs to improve reliability under stress.

7. Extension to the clinical field allows us to:

A. Propose a testable concept of hallucination based on irformation deficit and

on information excess.

B. Recognize psychosis as a failure of ' !,tegration or cerebral homeostcsis.

C. Provide a screeding test for latent mental illness.

D. Provide an objective, insumatal diagnostic pnxcekwe for mental illness,

inclLding the monitoring of its intensity and resonse to therqpy.

E. Provide a Luman test kxr candidak- therapeutic agents in the theoins of meIntl

illness.

The clinicci extensions of the testing described coulJ aid in uhering in an eru of more

pcftcd preveutive psychiutry based on .e uum* of kiat pothologd f-undian and its

* ~degree of regressin wId treatmeom.

-12-



PROPOSED FURTHER WORK

1. Military Applications Requiring Autl:orization

The full benefit of the investment 'n the project, Aerwospace Stress and Human Reliabilityw,

can be realized only by field trial as soon as possible. Our proximity to the Scott Air Force

Base suggests that it would be ideal to make an early beginning at this location.

It would reaidily be possible to train teams at this and at other bases and direct super-

vision could be supplied when necessary most readily at the near by base and at other bases

by planned visits. The data could be processed at the base or at our laboratoies.

The trials would be designed for screening of recruits and of personnel for special missions.

They would also be properly used for further qualifying personnel for special missions and to de-

termine the effects of combat and the adequacy of apivpriate training procedures.

2. Drug Abuse Detection

Drug abuse represents essentia ly an effort to recreate aspects of mental dissociation

which may be found pleasurable or serve to attempt a solution to problems posed by the envir-

onment, by changing the perception of the environment to what the user may find or believes

to be a more acceptable substitute.

Since the techniques we have developed can measure this self-induced dissociation, they

offer the possibility of detecting by direct measurement of the mental status: -

1. When thne user is under the influt..ce of his drug abuse even though the.- are, at

the time of testing, no overt manifestations. Since dissociation may, in fact,

have persisting consequences because of resetting the nervous system, it may be

possible to identify a drug abuser even when he is not on a 'trip".

2. Potential long-lasting consequences in the form of disturbed cerebral integrtion.

The potential masking of the effects of the challenging drug because of tolerance devel-

aped from previous exposure cam be minimized by using as the clalenge a disociating agent

ihatx g ally is not availcable to drug *users'. This is so because cross tolerance appears to be

-13-



minimal. In fact, this permits tentative, indirect identification on a functional basiis of the

actual drug of abuse, if the subject is using it constantly or if he had used itwithin a week,

I by a reduced effect due to tolerance. That is, tolerance will reduce the effect of 'the chal-

lenger, when it is the same as the drug of abuse, compared to the effect of the "non-available'

test agent to which, therefore, there would be no tolerance.

Such a procedure might even be able to detect those small numbers of insightful 'users",

who are able to train themselves to disociate at will without drugs, in the maner of the

accomplished mystic and consequently would be more sensitive to the test drug. Presuniably

they might then respond to a smaller dose of test agent by its cuseing effect in activating the

trained dissociating process. In the same way, it might pick up those users who are subject

to the so-called LSD "flash-back" recurrence of symptoms; if the latier is, in fact, a recog-

nition of a minor hallucinatory process that might otherwise have gone unnoticed by the drug

inexperienced and accordingly "untraired" subject.

3. Detection of Other Brain Function Dissociations of High Military Pertinence

A longer range proposal is to extend the inquiry into other types of dissociation that are

of potential high military significance. These would be studies on the failure of cerebral inte-

gration that manifests itself as a loss of adequate control over emotion and motivation. Animal

experiments would precede the significantly appropriate possibility of such studies in psychiat-

rically disturbed or latently disturbed patients; to be followed by similar tests of military per-

sonrel. Such studies would also include the possibilities, after adequate analysis, of supply-
ins apprcpriate strengthening training and adequate testing of the effectiveness of the same.

Doe- not the veteran soldier who has learned to keep cool turn out to be the more effi-

cient and more deadly military weapon?

-14-
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